The unique characteristics of the waxy mycobacterial cell wall raise questions about specific structural features of their bacteriophages. No structure of any mycobacteriophage is available, although ϳ3,500 have been described to date. To fill this gap, we embarked in a genomic and structural study of a bacteriophage from Mycobacterium abscessus subsp. bolletii, a member of the Mycobacterium abscessus group. This opportunistic pathogen is responsible for respiratory tract infections in patients with lung disorders, particularly cystic fibrosis. M. abscessus subsp. bolletii was isolated from respiratory tract specimens, and bacteriophages were observed in the cultures. We report here the genome annotation and characterization of the M. abscessus subsp. bolletii prophage Araucaria, as well as the first single-particle electron microscopy reconstruction of the whole virion. Araucaria belongs to Siphoviridae and possesses a 64-kb genome containing 89 open reading frames (ORFs), among which 27 could be annotated with certainty. Although its capsid and connector share close similarity with those of several phages from Gram-negative (Gram ؊ ) or Gram ؉ bacteria, its most distinctive characteristic is the helical tail decorated by radial spikes, possibly host adhesion devices, according to which the phage name was chosen. Its host adsorption device, at the tail tip, assembles features observed in phages binding to protein receptors, such as phage SPP1. All together, these results suggest that Araucaria may infect its mycobacterial host using a mechanism involving adhesion to cell wall saccharides and protein, a feature that remains to be further explored.
M ycobacterium abscessus subsp. bolletii is a member of the Mycobacterium abscessus complex of opportunistic pathogens responsible for outbreaks of skin and soft tissue infections following surgical and cosmetic practices (1) . These mycobacteria are also responsible for a wide range of other infections, including catheter-related bacteremia (1) and respiratory tract infections in patients with lung disorders, particularly cystic fibrosis (1) (2) (3) (4) (5) . M. abscessus mycobacteria are broadly resistant to antibiotics, so their infections may require curative surgery (6) . M. abscessus subsp. bolletii was first isolated from a respiratory tract specimen collected from a woman presenting with hemoptoic pneumonia (7) .
To date, 3,427 mycobacteriophages have been isolated and 448 mycobacteriophage genomes have been sequenced and assembled in 20 clusters (A through T) and seven sequenced singletons (8) (http://phagesdb.org/). This large set of complete genomes reveals a considerable diversity (8) (9) (10) (11) . Conversely, the large genetic repertoire of the predicted mycobacteriophage protein-coding genes possesses a low number of detectable homologues in the public databases (9, 10) . Besides the interest in phages infecting a bacterial pathogen, studies of mycobacteriophages may reveal specific features of mycobacterium-phage interactions due to the peculiar cell wall features of these hosts (12) . Despite the wealth of mycobacteriophages isolated and sequenced (8) (9) (10) (11) 13) , their infection and host recognition mechanisms are still poorly understood.
All mycobacteriophages characterized to date are doublestranded DNA (dsDNA)-tailed phages of the Caudovirales order and belong to the Siphoviridae or Myoviridae (9, 10) . We report here the electron microscopic (EM) reconstruction of the M. abscessus subsp. bolletii siphophage Araucaria and its integrated prophage. To date, no other EM structure of any mycobacteriophage has been described. Due to the highly flexible nature of Siphoviridae tails, which limits the structural characterization, we used a methodology specially implemented to characterize their tail (14) . Based on our EM reconstructions and bioinformatics analysis, we could achieve a pseudoatomic model for some parts of this siphoviridal virion and reveal the striking features of Araucaria's tail and host adsorption device (HAD). and a BLASTn search was conducted against the NR database. Proteins were also checked for domain using a hidden Markov model (HMM) search against the Pfam database (20) . The predicted protein-coding sequences were also searched against the ACLAME (A CLAssification of Mobile genetic Elements) database. Tandem Repeat Finder was used for repetitive DNA prediction (21) and against Mycobacteriophage database (http://phagesdb.org/). CRISPRs were searched in the M. abscessus subsp. bolletii genome using the CRISPERfinder software program (http://crispr .u-psud.fr/Server/).
Electron microscopy. (i) Specimen preparation. Approximately 3 l of sample was applied onto glow-discharged carbon-coated grids and incubated for 1 min. The grids were blotted, 10 l of a 2% uranyl acetate solution was added, and they were incubated for 30 s. Stain excess was blotted, and the grids were transferred to the microscope for imaging.
(ii) Data collection. Approximately 1,500 charge-coupled device (CCD) images were collected using a Tecnai Spirit operated at 120 kV and a 2Kx2K CCD camera at a magnification of ϫ48,500, resulting in a pixel size of 4.95 Å/pixel.
(iii) Image processing. ) were manually selected using the program boxer from the EMAN2 package (22) ; extracted into boxes of 500 by 500 pixels (full phage, coarsened by 2), 200 by 200 pixels (capsid), 100 by 100 pixels (connector), 80 by 80 pixels (tail), or 100 by 100 pixels (baseplate); and combined into the five different data sets (Table 1 ). The data sets were pretreated using the SPIDER package (23) and submitted to maximum likelihood (ML) classification and alignment (24) using the Xmipp package (25) . The initial models were built to form a visually selected class average representing a side view imposing the corresponding symmetry (C6 for the full phage, tail, and baseplate; C12 for the connector; and icosahedral for the capsid). The initial models were then refined by three-dimensional ML refinement first and further refined with SPIDER with a sampling rate of 5°. After refinements, final models were obtained at resolutions of approximately 30 Å (capsid), 28 Å (connector), 24 Å (tail), and 26 Å (baseplate) as estimated by Fourier shell correlation (FSC) and the ½-bit threshold criterion (26) (Fig. 1) .
(iv) Tail helical processing. The tail particles pretreated as described above were submitted to helical processing. The rotational symmetry used was C6 and, as the particles were already aligned, the maximum allowed in-plane rotational angle was set to 10°. The initial helical parameters were determined using the Brandeis Helical Package (27) to calculate the Bessel orders of the basic layer lines (6 and Ϫ6). These were later refined by IHRSRϩϩ (28) to a helical rise of 38 Å and a rotation between subunits of 26°.
(v) Structure visualization. Molecular graphics and analyses were performed with the UCSF Chimera package (Resource for Biocomputing, Visualization, and Informatics at the University of California, San Francisco). The model/EM map or EM map/EM map fitting was performed by the option "fit in map" of the "volume" register. We then chose a mode of fitting in which a map of the atomic model was calculated at a given resolution (here 30 Å), and a correlation coefficient was calculated between the calculated and observed maps. A fit was considered good when a correlation coefficient better than 0.8 was obtained. Table 2 ). The GC content was calculated to be 64.41%, a value similar to that of its host, M. abscessus subsp. bolletii (64.0%) (15) , and within the average range of mycobacteriophage genomes (50.3% to 68.4%) ( Tables 2 and 3 ). It has been proposed that two mycobacterial phage genomes displaying nucleotide sequence similarity above 50% should be included within the same cluster (13) . Using this criterion, BLASTN and Dotter analysis of the Araucaria genome, mycobacteriophage clusters (A through T and singletons), and Mycobacterium prophages revealed that Araucaria has no discernible overall DNA sequence similarity to Mycobacterium prophages (Fig. 2) . However, close to the above-mentioned cutoff criteria, Araucaria shares 52% sequence similarity to mycobacteriophage Dori and 47% sequence similarity to members of cluster B, together with even weaker sequence similarities to clusters A, G, I, and K (8, 11) (http://phagesdb.org/). Consequently, according to the above-described analysis and phylogenetic comparison of the Araucaria genome with mycobacteriophages (Dori, Bzx1, L5, Rosebush, Phaedrus, Halo, Brujita, and TM4) representing clusters A, G, I, and K, the Araucaria genome can be assigned to a Dori-like prophage (Fig. 3) .
RESULTS

Genome characteristics of mycobacteriophage
The genomic analysis of the Araucaria prophage genome revealed four main clusters dedicated to host integration, DNA replication, DNA packaging and lysis, and virion assembly (Fig. 4) . Analysis of the Araucaria prophage genome identified 89 putative open reading frames (ORFs) encoding proteins but did not reveal the presence of tRNA or other small RNA coding sequences ( Fig. 4 ; see also Table S1 in the supplemental material). Overall, based on BLAST analysis and genomic organization, a function could be proposed for only 27 of the 89 ORFs (30% of total) (see Table S1 ). This analysis showed also that 55 ORFs of the Araucaria genome (61%) share sequence similarity with other mycobacteriophage genes, among which only a few had known function and seven were found to be unique (see Table S1 ).
(i) Integration cassette. The ORF2 protein showed 88% and 58% sequence similarity with the integrase protein of Mycobacterium massiliense and mycobacteriophage Spartacus (cluster F1), respectively. Using the Pfam database, an integrase domain was detected toward the C terminus of this ORF protein, between amino acid positions 67 and 241 (Pfam: PF0058). Temperate mycobacteriophages typically encode either a serine or tyrosine integrase that mediates prophage integration (8) (9) (10) (11) 13 ). In the Araucaria prophage genome, the ORF2 protein is perfectly identified as a tyrosine integrase and is located 22 kb distant from the cluster of structural proteins (Fig. 3) .
(ii) DNA replication, recombination, and modification genes. Many genes associated with DNA replication, recombination, and modification could be identified in the Araucaria genome. The ORF16 protein shares 79% sequence similarity with an ORF protein from mycobacteriophage Dori and belongs to the YqaJ recombinase family. Such recombinases were shown to form oligomers and to function as processive alkaline exonucleases that digest linear double-stranded DNA in an Mg 2ϩ -dependent fashion (29) . The ORF17 protein shares 67% sequence similarity with the RecT recombinase from mycobacteriophage Brujita (cluster I1). The ORF19 protein sequence is 56% similar to the RusA endodeoxyribonuclease from mycobacteriophage MacNcheese (cluster K3). Finally, the ORF22, ORF24, and ORF46 proteins are putative methyltransferases, since they are homologous to methyltransferases from mycobacteriaphages Ramsey (cluster F1), Dlane (cluster F1), and M. massiliense.
(iii) DNA packaging and lysis genes. The ORF47 protein had several characteristics in common with phage terminase large subunit: it shares 74% identity with the large terminase subunit of mycobacteriophage Dori, and it contains a terminase domain between amino acids 61 and 454. Phage terminases are generally composed of a large and a small subunit encoded by side-by-side genes. Despite this, we could not identify sequence-wise a gene coding for the small terminase subunit in the Araucaria prophage genome. Despite this, the ORF48 protein could be assigned to the small terminase subunit with respect to its position and size.
The ORF84 protein possesses an N-acetylmuramoyl-L-alanine amidase domain. N-acetylmuramoyl-L-alanine amidases have been described to cleave the bond between N-acetylmuramoyl moieties and L-amino acid residues in cell wall glycopeptides. BLAST comparison of the ORF84 protein revealed homology to lysin A (64%) from mycobacteriophage TM4 (cluster K2 [30] ). The ORF85 protein shares 82% sequence identity to M. massiliense cutinase, as well as with ORF proteins belonging to mycobacteriophage Marvin (cluster S). Cutinase that degrades cutin, a polyester protecting leaves, is also present in mycobacteria, for which it might be involved in cell wall wax degradation (31, 32) . Finally, the ORF30 protein shares 38% sequence similarity with the holin (gp31) of the mycobacteriophage Fruitloop (cluster F1 [9, 10] ), a small protein forming membrane pores through which the folded endolysin reaches its substrate. Two transmembrane (iv) Virion assembly cassette. Identification of the genes involved in virion formation and assembly is facilitated by their conserved order. The virion structure and assembly cassette likely spans ORF52 to ORF73 (Fig. 3) . This ϳ25-kb segment is among the smallest virion structure and assembly cassettes observed in mycobacteriophages, along with those from mycobacteriophage BP (24 kb) and mycobacteriophage Marvin (20 kb) (33, 34) . A putative function was assigned to the ORF55, -57, and -62 proteins on the basis of their similarity to proteins of mycobacteriophage Dori and members of cluster B. The ORF55 protein shares 70% sequence similarity with mycobacteriophage Dori gp8, annotated as the portal protein, and its sequence contains a phage Mu protein F-like domain, required for viral head morphogenesis, suggesting that the ORF55 protein could be the minor head . We identified Araucaria ORF69 as encoding the tape measure protein (TMP) thanks to its genomic position as well as its very large size (5,379 bp). Analysis of its predicted secondary structure reveals a high propensity for alpha-helical and coiled-coil structures, which are hallmarks of TMPs. Finally, based on their position, we expected ORF70 to -73 to code for the host adsorption device (HAD). Araucaria virion structure. (i) Capsid and head-to-tail connecting region. Bacteriophage capsids contain and protect the viral genome densely packed under high pressure (35) . We computed a reconstruction of the Araucaria mycobacteriophage capsid at a 30-Å resolution using ϳ7,431 particle images and applying icosahedral symmetry (Fig. 5A and B) . The mature capsid is ϳ600 Å wide along its 5-fold axes and is made of 60 hexamers and 11 pentamers of the major capsid protein (MCP; ORF57 protein), organized with a TA7 symmetry, as well as a dodecamer of the portal protein occupying a unique vertex (Fig. 5B and C) . The large number of MCP structures reported to date has established the conservation of the HK97 MCP fold (so-called "Johnson fold") among tailed phages, herpesviruses, and some archaeal viruses (36) (37) (38) (39) . The HK97 MCP hexamers and pentamers could be fitted readily in the capsid EM structure (Fig. 5A) .
The connector serves to attach the phage capsid to its tail and is composed of three different components organized as stacked rings: the portal protein and two head completion proteins (connector and stopper). It is located at a unique capsid vertex, where it replaces a penton motif (Fig. 5A to C) . The 60-fold averaging procedure of the capsid reconstruction process averaged out the portal density. We therefore solved independently the structure of the connector region using ϳ6,740 particles and applying 12-fold symmetry along the connector channel axis (Fig. 5D to F ). The reconstructed connector was then plugged at a vertex position using molecular fitting with Chimera (40) (Fig. 5B and C) .
The portal, a dodecameric protein, discloses a conserved fold in tailed phages and herpesviruses (14, 36) . It is involved in DNA packaging during assembly and in DNA release when phage infection occurs. The Araucaria portal (ORF52) exhibits weak sequence similarity with the HK97 portal sequence using the FFAS03 server (41) and HHpred (42) ( Table 4) . We used instead the structure of the described SPP1 dodecameric portal (43) to fit into the proximal region of the connector reconstruction. The two proteins contain similar numbers of amino acids (617 for Araucaria and 503 for SPP1). We observed a good agreement at this resolution between the SPP1 dodecameric atomic model and the EM map (correlation coefficient [cc] Ͼ 0.8) (Fig. 5D and E) . This result further supports the suggested structural similarity between the Araucaria and HK97/SPP1 portal proteins ( Table 4 ). The remaining region of the connector reconstruction reported here was assumed to account for the two rings of head completion proteins. It was modeled using SPP1 gp15 connecting module (PDB 2KBZ) and SPP1 gp16, the stopper (PDB 2KCA) (44) that closes the channel to prevent DNA release in the absence of an infection event (45) (Fig. 2E ). An SPP1 dodecameric model of gp15 was found to fit well with the dimensions of the corresponding Araucaria connector map, while the SPP1 gp16 dodecamer was found to be slightly larger for the corresponding region in Araucaria (Fig.  5E and F) . Dodecameric models of gp15 and gp16 were those used for fitting in the SPP1 map in the work of Lhuillier et al. (44) .
(ii) Araucaria tail. We investigated the Araucaria tail structure. Initially, following our previously applied procedure (14), we produced a 6-fold averaged, low-resolution reconstruction of the whole Araucaria phage from selected straight-tailed virions. This reconstruction indicated clearly that the tail tube was composed of 34 stacked hexamers, including the tail terminator hexamer, at the interface with the connector, and the 33 MTP (ORF62) hexamers form the rest of the tube. In a subsequent step, we boxed short tail Table S1 in the supplemental material using Gepard (75) . (B) Phylogenetic tree based on the nucleotide genome of Araucaria and its 8 closest mycobacteriophages using the neighbor joining method. segments of ϳ9 MTP rings and combined them in one data set processed with the appropriate helical symmetry.
The Araucaria tail extends over 1,100 Å between the connector and the baseplate (Fig. 6A ). It exhibits a very peculiar decoration of the MTP rings, making the tail resemble a branch of the Araucaria tree (hence its given name). The diameter of the tail, including the decorations, is ϳ160 Å. The diameter of the core of the MTP rings is ϳ100 Å, at its largest extension, and 70 Å at the intersections between the rings (Fig. 6B and C) . The MTP hexameric rings are rotated by 26°between each other, and the interhexamer distance is ϳ38 Å (Fig. 6B and C) . The tail tube displays a 40-Å-wide central channel between the connector and the baseplate, which forms the DNA ejection passage (14, 45) (Fig. 6C) . This channel is filled in our reconstruction, and we attributed the density to the tape measure protein (TMP; ORF69 protein), the molecular ruler controlling the tail length (46) . The oligomeric TMP probably forms a long helical hexameric region anchored at both extremities of the tail. In SPP1, a similar density has been observed in the virion before infection but was absent after infection and DNA ejection through the tail channel (45) . Although of lower resolution, the overall dimensions of the Araucaria tail components are in agreement with those of the SPP1 (45) or TP901-1 tail (14), not taking into account Araucaria's tail decorations.
(iii) HAD. The Caudovirales tail tip attaches the host adsorption device (HAD). In Araucaria, the HAD has a funnel shape of ϳ140 Å by 180 Å. The largest part of the funnel is located ϳ30 Å behind the tail junction and carries six bulbs of the dimensions 25 Å by 25 Å by 50 Å following a 6-fold symmetry (Fig. 7) . Above the largest part, the diameter of the HAD decreases to reach ϳ100 Å, the diameter of the MTP ring. Below it, the diameter regularly diminishes to reach 30 Å at the HAD lower part (Fig. 7A and B) . HHpred searches revealed that the ORF protein following the TMP, ORF70, shares with ϳ80% probability structural similarity with the corresponding protein, Dit, in phage SPP1 and lactococcal phage TP901-1. The X-ray structures of Dit from phages SPP1 (gp19.1) (47), TP901-1 (ORF46 protein) (48) , and p2 (ORF15 protein) (49) have been reported, and they were found to share close structural similarities. HHpred also predicted that the ORF71 protein shares structural similarity (98% similarity) with a prophage MUSO2 43-kDa tail protein (PDB 3CDD). This protein is structurally similar to phage T4 gp27 (50) , to lactococcal phage p2 ORF16 protein (49) , to SPP1 gp21 (51), and to TP901-1 Tal (ORF47 protein) (52) . According to these predicted similarities, we then fit the phage p2 Dit-Tal complex (ORF15-ORF16) (49), a 1/1 assembly of Dit hexamer and Tal trimer, in the EM density of the Araucaria HAD ( Fig. 7B and C) . The fit was found to be excellent in the funnel upper part (cc Ͼ 0.90). Noteworthy, the p2 Dit (ORF15) arm and hand extension (49) was found to fit remarkably well with the positions of the HAD lateral bulbs (Fig. 7B and  C) . However, the Araucaria bulbs are larger than the p2 Dit "hands," which is in agreement with the longer sequence of the Araucaria Dit protein compared to the p2 one (478 versus 298 amino acids). The Tal proteins of Araucaria (ORF71 protein) and p2 (ORF15 protein) phages are of similar sizes (345 and 375 amino acids); however, Araucaria's Tal does not fill completely the lower part of the HAD funnel, leaving a large volume empty (ϳ80 Å in length) (Fig. 7B) . This volume might be accounted for by the ORF72 and/or ORF73 protein; both of these are in a position compatible with a HAD structural role (Fig. 7B) .
DISCUSSION
Genome organization. We have described here a temperate mycobacteriophage, Araucaria, isolated from M. abscessus subsp. bolletii, a multidrug-resistant emerging opportunistic pathogen that reveals a number of original insights into the diversity and evolution of bacteriophages. This suggests that the current collection of mycobacteriophages is far from being completely representative of the population of integrated mycobacteriophages.
The Araucaria prophage genome contains 17 genes (19%) that have bacterial homologues, notably among the M. abscessus group, which have no known function. These genes were therefore possibly acquired through horizontal transfer. The Araucaria genome contains all the genes required for lysogeny: those for an YqaJ recombinase (ORF16), a RecT recombinase (ORF17), and a RusA endodeoxyribonuclease (ORF19) similar to those of other mycobacteriophages. A notable feature of Araucaria is that its integrase gene is located far from the structural protein cluster.
In most siphophages, two proteins are required for cell lysis: holin, which form holes in the cell membrane, and lysin, which hydrolyzes the cell wall. ORF84 and ORF60 were identified as coding for lysin and holin, respectively, and the holin gene was found to be inserted among the structural genes. Araucaria's holin has two transmembrane helices and thus belongs to holin class II (53) . The lysin gene is located on the right arm of the structural cassette. It is the only protein that shows sequence similarity with most of the mycobacteriophages sequenced so far, suggesting that it is highly conserved among them. The terminase gene, transporting DNA into the proheads prior to attachment of the tail (54) (55) (56) , is located close to the structural gene operon and far from the physical end of the genome, more than 20 kbp. This is also observed in the genomes of cluster A myobacteriophages (13, 30, (56) (57) (58) .
The organization of the structural operon, encoding the virion proteins, is very similar to that of most other phages. The closest relatives of the Araucaria virion proteins are from mycobacteriophage Dori and cluster B mycobacteriophages, suggesting substantial lateral gene exchange among them. A few bacterial genes and a holin gene were observed to be inserted within the structural operon. Worth noticing, several examples of gene insertions within the structural gene operon are observed in the Wildcat or Corndog myobacteriophage (59) . There are also examples of interruptions within the head genes of siphoviral phages, such as a large insertion between the head accessory protein and capsid protease genes in Vibrio phage SIO-2 (60). Little is known about the location of specific signals for gene expression in Araucaria or how these are regulated. However, Araucaria, like other mycobacteriophages such as TM4, encodes a WhiB-like protein (ORF32 protein) that may participate in Araucaria gene expression (61) .
Overall structure of the Araucaria phage. We could assemble the complete EM structure of mycobacteriophage Araucaria from its four constituting modules, capsid, connector, tail, and host adsorption device, whose structures were solved independently (Fig. 8) . The capsid and head-to-tail connector complex exhibit structures and overall dimensions very similar to those of other Siphoviridae, especially phages SPP1 (38, 45) and TP901-1 (14) . The only difference between Araucaria and TP901-1 is the size of the stopper, much larger in the latter case. In contrast, the structure of the MTP rings is very peculiar. Noteworthy, the MTP (ORF62 protein) of Araucaria is much larger than the MTP of TP901-1 (352 versus 165 amino acids). The MTP rings of phage TP901-1 are about 110 Å in diameter, a value comparable to that of the inner core component of the Araucaria tail. It is likely that the exceeding ϳ190 MTP residues form Araucaria's tail protrusions. Such protrusions were already reported for phage and phage SPP1 (62, 63) . In phage , the MTP (gpV) counts 246 amino acids. The N-terminal domain (gpV N 1-159) forms the MTP rings (64) , while residues 160 to 246 (gpV C ) belong to an Ig-like domain, probably involved with host cell wall saccharide interactions (63) . In SPP1, the MTP-coding gene (orf17.1) is subject to a frameshift alternative reading, leading either to an MTP of 159 residues, the core, or to a longer form of 266 residues (62) . Here again, the additional domain has a fold of an adhesin, probably involved in saccharide binding. However, this frameshift occurs in only 5 to 10% of the expressed MTPs, and the tail has not the hairy aspect of that of phage Araucaria. The Araucaria tail displays protrusions, which might play an accessory role, yet to be proved, in the interaction of the virion with the host cell wall through binding to its surface saccharides. Noteworthy, both phage and phage SPP1 attach to protein-specific receptors, LamB (65) and YueB (66), respectively. Hence, their binding to cell wall saccharides putatively provided by the tail protrusions might be only a first reversible step that maintains and orientates transitorily the phage before specific receptor recognition. Such a host cell wall scouting mechanism had a remarkable illustration with podophage T7 (67) .
Most phages tail tips harbor a large macromolecular device, the head adsorption device (HAD). This macromolecular assembly displays different shapes in Siphoviridae according to the mechanism of attachment to the host. Phages, which attach to host's protein often, display a long, straight, element called "tail fiber" (45) . In Gram-negative (Gram Ϫ ) bacteria (e.g., Escherichia coli), this is observed with phages binding to porins, such as phage T5 (68, 69) or phage . In Gram ϩ bacteria, this tail fiber is observed in phage SPP1 (45, 66) and lactococcal phage c2 (70) , which bind to extracellular components of the type 7 secretion system (T7SS), called, respectively, YueB (66) and PIP (70) . In contrast, lactococcal phages of the 936 and P335 families seem to attach exclusively to polysaccharides and bear at their tail end a large macromolecular entity called the baseplate. The baseplate dimensions of phages p2 and TP901-1 are quite large, since these phages harbor a large number (18 to 54) of receptor binding proteins (RBPs), the specific proteins recognizing and attaching to the host (48, 49) . These baseplates have been found, to date, to be composed of a central axial core formed by Dit and Tal, shared with the straighttail tip phages (e.g., SPP1), and of a peripheral component formed by the RBPs as in phage p2 (49, 71) and eventually other proteins as in phages TP901-1 (48, 72) and Tuc2009 (73, 74) .
Considering the above-described analysis, Araucaria should belong to the first class of phages, those with a straight tail tip. The Araucaria HAD is formed of Dit and Tal, plus other axial components, but is devoid of RBP-like structures as found in lactococcal phages p2 and TP901-1. Compared to SPP1, however, Araucaria possesses a very long Dit, 220 amino acids longer, with an extra domain appearing as a bulb in the EM density map. Araucaria's Dit is also longer, by 180 residues, than phage p2 Dit, which possesses a protrusion at the same position as Araucaria's bulb. However, neither BLAST nor HHpred returned hits related to such domains.
Araucaria's Tal possesses 345 amino acids, making it one of the shortest Tal sequences. While it covers most of the phage p2 Tal length, it corresponds only to the N-terminal domains of SPP1 and TP901-1 Tal, which are much longer, with 1,110 and 946 amino acids, respectively. The C-terminal domain of SPP1 has been found to be responsible for host YueB attachment, while in TP901-1, it is responsible for host cell wall hydrolysis. In Araucaria, the missing density could be assigned to ORF72 or -73. We suggest that Araucaria should bind to a protein receptor, since no evidence of a saccharide binding RBP presence is provided by the tail's tip shape or its sequence. It is tempting to speculate further, since mycobacteria possess a T7SS, that a component similar to T7SS YueB or PIP might serve as a receptor for Araucaria.
In spite of the great diversity of genetic mycobacteriophages and the mosaic nature of Araucaria, its homology with the mycobacteriophage Dori and those from cluster B suggests that Araucaria and these phages could share a similar structure and a similar mechanism of host infection. All together, our results provide evidence that the Araucaria mycobacteriophage shares building blocks similar to those of phages infecting Gram ϩ or Gram Ϫ bacteria. They suggest also that Araucaria may infect its mycobacterial host by a two-step mechanism, first using reversible cell wall saccharide binding and then using irreversible binding to a cell wall emerging protein domain. The existence of such a mechanism, postulated for phages and SPP1, remains to be demonstrated.
